DOCDHEHT BESaME 



BD 130 ay? 

TITLE 

mSTITDTIOll 



SPOUS iGEUCT 
EEPOET HO 
FOB DATE 
GHAUT 
BOTE 

AVAILABLE FBOH 



EDES PEICE 
DESCEIPTOBS 



IDEKTIPIEES 



Fl 007 931 

Parameter Requirements for Description of Alternative 
LINC Systems* Pinal Peport* 

Center for Applied Linguistics, Washington, D*C* , 

Language Information Netvork and Clearinghouse 

System*; Information Dynamics Corp*, Bethesda, nd* 

National Science Foundation, Washington, D*C* 

LINCS*1-68 

Har 68 

HSP-GTI-653 

56p*; Bot available in hard copy due to marginal 
legibility of original document* 

National Technical Information Service, Springfield, 
Virginia 22161, {PB 178 218, MP $0*95, HC $3*00) 

Ijp-$0*83 Plus Postage* HC Not Available from EDES* 
Cost Effectiveness; Information Centers; ^Information 
Dissemination; *Information Networks; *Information 
Systems; Language Research; ^Linguistics; 
^Mathematical Models; Operations Eesearch; Program 
Evaluation; ^Systems Analysis; Systems Approach 
♦Language Sciences 



ABSTSACT 

This study vas undertaken for the Center for Applied 
Linguistics to survey and analyze its information system program for 
the language sciences* The study identifies and defines the 
generalized sets of parameters required for subsequent guantitatire 
analysis of proposed alternative Language Information Network and 
Clearinghouse Systems by means of mathematical models* The report 
describes the descriptive and evaluative models characterising the 
information system in operational terms and expresses the 
relationship between measures of value or effectiveness and cost, and 
the chosen alternative designs* Variables defining alternative 
systems and parameters affecting system effectiveness are presented* 
The structure of the descriptive model characterizing a generalized 
conceptual information system is drawn* Variables and parameters of 
the system user community are described* Characterization of 
information elements and processing from real-world inputs to service 
outputs is developed* Cost parameters required to evaluate system 
operating costs are presented for materials, processing and 
communications* A summary list of symbols follows* The report 
recommends specification of system variables, design of data forms, 
data reduction, development of an evaluative model, and tailoring of 
a descriptive model* (CHK) 



Documents acquired by ERIC include many Infonnal tinpublished materials not available from other sources. EBIC makes every 
effort to obtain the best copy available. Never^dess, items of marginal reproducibility are often encountered and this affects the 
quality of the microfiche and hardcopy reproductions EHIC makes available via the EHIC Document Hepioduction Service (EDBS). 
t?noc responsible for the quality of the original document Reproductions supplied by EDHSare the best that can be made from 

final* 



CENTER FOR APPUED LINGUISTICS 



LANGUAGE INFORMATION NETWORK AND CLEARINGHOUSE SYSTEM (LINCS) 



By Inf..>i:Tnation DyiiaTnicG Oorporatioa 



U S OffAitTMfHTOf Kf AUK, 

aTIO*^ AC I N ST I TOT fe 
f OUCATtOH 

IhE PCftSON Oft OnCANifATlON ORiGi»^ 
AftKGlf POlNfSOFVlEWOnOP«NtONS 
H*ieD 00 NOI NCCfSSAft'CV ftCPOE- 
SEN? O^^ICIAC NAf tON AC INSf tf UTE 0^ 
EOUCAflON POSfftON Oft POLICY 



LINCS PROJECT DOCUMENT SERIES / NATIONAL SCIENCE FOUNDATION GRANT 
LIKCS #1-68 >{arch 196S SSF CfI-653 



CENTER FOR APPUED LINGUISTICS, 1717 MASSACHUSETTS AVENUE, N.W., WASHINGTON, D,C. 20036 



Copies of this document may be ordered from the Clearinghouse for 
Federal Scientific and Technical Information^ U.S. Department of 
Cotmuerce, Springfield, Virginia 22151. The order number is PB 178 218. 
The price is $3.00 for hard copy and $0.65 for microfiche. 



3 



□UGGCC 



PARAMETER REQUIREMENTS 
FOR DESCRIPTION OF 
ALTERNATIVE 
LINC SYSTEMS 



Final Report to: 

Center for Applied Linguistics 
1717 Massachusetts Avenue, N.W. 
Washington, D. C. 20036 



Submitted by: 

S FORMATION DYNAl^UCS CORPORATION 

i720 Montgomery Lane, Suite 500 ;/ /? 

aethesda, Maryland 20014 \ "-^Ar,7f^^ /i Vri „ 

>/r V, on loco '^^ul F. Dunn, Vice P ^ aent 

March 20, 1968 



R-8628 



TABLE OF CONTENTS 



□□□□□□ 
□□□□□□ 
□□□□□□ 
□□□□□□ 
□□□□□□ 

□□□miaiiej 
□□□□□□ 



Section 



Title 



Page No. 



I. 



II. 



III. 



IV. 



V. 



INTRODUCTION I-l 

A. General - I-l 

B. Purpose of Study I-I 

C. Scope of Study I-l 

D. Background 1-2 
QUANTITATIVE EVALUATION REQUIREMENTS II-I 

A. Introduction II-l 

B. Evaluation Model II-l 

C. Evaluation Activities II-4 

D. Concluding Remarks II-7 
DESCmPTlVE MODEL STRUCTURE III-I 

A. Introduction III-l 

B. The Generalized Conceptual Model III-l 

C. Characterization of Alternative Systems III-4 
CriARACTERiZA'nON OF THE USER COMMUNITY IV-1 

A. User Community Variables IV-1 

B. User Community Parameters IV-2 
CHARACTERIZATION OF INFORMATION ELEMENTS V-1 

A. Categories of Information Elements; System 
Processes V-I 

B. Information EJemont Variables V-3 

C. Relationships Between Variables V-4 

D. Information Element Parameters V-7 



ERIC 



R-8628 



TABLE OF CONTENTS (CONT. ) 



□□□□□□ 
□□□□□□ 
□□□□□□ 
□□□□□□ 
□□□□□□ 

□□□□□□ 



Section 
VI. 



VII. 



VIII. 



IX. 



Title Page Mo. 

CHARACTERIZATION OP PROCESSING FUNCTIONS VI-1 

A. Introduetion VI-1 

B. Proeess Variables VI-1 

C. Relationship Between Variables VI-2 

D. Proeess Parameters VI-4 
COST PARAMETERS ' VII-1 

A. Introduetion VII-1 

B. Materials Cost Parameters VII-1 

C. Proeess Cost Parameters VII-4 

D. Communieations Cost Parameters VII-7 
SUMMARY OF SYIWBOLS VIII-1 

A. User Community VlII-1 

B. Information Elements VIII-2 

C. Pi'oeessing Funetions VIII-4 

D. Cost Parameters VIII-5 
CONCLIpDIKG UEiMARKS AND RECOMMENDATIONS IX-1 

A, Concluding Remarks IX-1 

B, Recommendations IX-2 



Figure No , List of Figures Page No, 

Il-l Outcome Spaee II-3 

II- 2 LINC System Evaluation Activities 11-5 

III- l Conceptual Model of a Generalized Information 

System III-2 

V-1 Categories of Information Elements V-2 



ERIC 



6 



R-8628 □□□□□□ 

□□□□□□ 
□□□□□□ 
□□□□□□ 
□□□□□□ 
□□□tO^Ei 
□□□□□□ 

I. INTRODUCTION 

A. General 

This study was performed under Ltr. Contract CAL dated Deeember 12, 
19C7, Rcferenee P-8628 for the Center for Applied Linguisties, 1717 
Massachusetts Avenue, N. W. , Washington, O.C, 7he study was undertaken 
as part of a broader effort of the Center for the SUHVEY- AND-ANALYSIS STAGE 
of the INFORIVIATION-SYSTKM PROGRAM J^OR THE LANGUAGE SCIENCES. 

The Center's information-system program is designed to provide 
for development activities aimed at the technical specification and pilot 
study of essential system requirements. 'Hie SUR\ EY-AKD-AKALYSIS 
STAGE of this program concentrates on the essential preliminaries of the 
program; Planning Approaches and System Component Studies. In support 
of these preliminary efforts, tlic .study contained herein is oriented toward 
the analysis required to identify and describe the relevant parameters 
required for subsequent analysis of proposed alternative systems by means 
of matliemalical models. 

B. Purpose of Study 

The purpose of this study is to identify and define the generalized sets 
of parameters whose values arc required for subsequent quantitative analysis 
of prupo.sed alternative Language Information Network and Clearinghouse 
Systems (LINCS) by means of mathematical models. In addition, the defined 
parameters can serve as guidelines for the data collection and data banking 
efforts in the SURVEY-ANO- ANALYSIS STAGE. 

C* ope of Study 

This study is limited to consideration of the parameters to be associated 
with the linguistics community, linguistics literature items, and a generalized 
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LINC system. The study effort is primarily based on information 
obtained from a previous study eonducted by Information Dynamics Corporation 
(IDC), titled, "A Methodology for the Analysis of Information Systems", 
Contract NSF-C-370. 



D. Background 

The Center for Applied Linguistics is currently conducting a survey and 
analysis of the information system for the language sciences. Thid stage 
of the Center's study effort is addressed to tiie preliminary qualitative and 
qumititative analysis required for advanced studies in the design of a LINC 
system. 

A portion of tlic advanced .studies will De eoneerned with the detailed 
formulalion and quantitative analysis of alternative LINC systems. It is 
planned that the quantitative analysis will be conducted witli the aid of a 
mathcmatieal model similar to the one dcscribtjd jn IDC report, "A Methodology 
for the AnalyiSis of Informatioji Systems*'. The model described in the above 
report is dc^jigned to facilitate tlic study and evaluation of oi)erating co.sts for 
alternative inforination .service network configurations. 

Prior to the detailed quantitative analysis of alternative systems, 
preliminary analyses are required to (1) formulate alternative systems 
(2) identify the parameters associated with the alternative systems and (3) 
estimate the values of the parameters. The analysis presented in the 
following sections is primarily addressed to the identification of sets oi 
parameters a.^sociated with a generalized LIMC system. 
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II. QUANTITATIVE KVALUATIOX I^QUIRE.MEXTS 

A. Introduction 

As indicated in tiic previous section, a portion of tlie advanced 
studies will be addressed to the quantitCLti\ o evaluation of alternative LINC 
systems. In order to formulate a ba.sis for further discussion of the 
relevant system parameters, this section presents the general form of 
the evaluation model and, as a consequence, the evaluation activities that 
must be performed in the quantitative evaluation process. 

B. Kvahiation j\1odel 

The quantitative evaluation process requires the use of two models 
which we will call a 'Mcscriptive modeV* and an '^evaluation n'*odel*^ The 
descriptive model characteri/,es tlie information system in terms of tlie 
specific operational processes tiiat jjovern the cause and effect relationships. 
For example, tiie model described in IOC Keport, *^A Methodolo^^y for the 
Analysis of Information System^*', is of this type. The evaluation model 
expret>ses tlie relationship between the measures of value or effectiveness 
anci cost, and Die ciiosen alternative designs- 

In accordance with the objectives of the quantitative evaluation, the 
model for the evaluation of alternative LINCS systems takes on the general 
form; 



V. 



1 



^1 ^^i- ^i'- 



(1) ^ 



c. 



9 



n-i 



R-8628 □□□□□□ 

□□□□□□ 
□□□□□D 
□□□□□□ 
□□□□CD 
□□□tl]3o.53 
□□□□□□ 

where V, " the measure of value or effectiveness of the i-th alternative 
system. 



C. - the relative cost of the i-th alternative system. 



= the parameters (variable or constant) whieh affect system 
system performance or costs but which are not subject to 
eontrol by the systems designers. 



Y. = the variables which deiine the alternative systems and which are 
subject to eontrol by system designers. 



- the funetional relationship between tho parameters and 
independent variables, and Y^, and the dependent variable V^. 

fg ^ the functional relaUont^hip between the parameters and independent 

variables, X, and V,, and the dependent variable C,. 

11 1 

In descriptive terms, the evaluation model or process has the following 
essential characteristics. First, one set of input data, denoted by Y,, is 
subject to control by system design , s. This act Oi data defines the elements 
of tlie system wiiich ai-c directly controlled by designers and would include, for exai 
pic, such Clements a^i the types of proUuci. and t^crviccb to be mado available to the 
user community. Second, for each alternative system, there exists a set of 
data (parameters), denoted by X^, which is not subject to control. For 
example^ if a particular mode of communication is chosen, then ihe communi- 
cation cost rates are not subject to control by system designers. Third, the 
output variables^ and C^, are relative measures of value or effectiveness 
and cost for use in the evaluation process. 
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For purpose of evaluation and comparison, the dependent variables 
assoeiated with a specific set of variablct; and parameters, and therefore 
alternative systems designs, may be graphically represented by a two- 
dimensional outcome space as indicated in Figure 11-1. 



Relative 
Cost 



Region 1 



Region 2 



Relative Value or Effectiveness 



Figure Outcome Space 
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Each point plotted in the outcome spaee represents a specific 
alternative design. In the above iUustrati,m, two alternative designs are 
represented above tho eurve A13. AH possible points associated with design 
alternatives would be contained in Region 1 (above the curve AB) and no 
alternative dciSigns wou*d appear in Region 2 (belov/ the line AB). 
Optimal nlternative designs woiUd fall on ihe curve AB. 

Having identiiiod tho gcnoo^al form of the cvalu^ition model and the 
different classes of inputs and output.^, tht* following section discu:>i^cs 
the activities to be performed in the quantitative evaluation process. 

C. Evaluation Activiiio.s 



Within the context of the evaluation niociel, the objectives cSf the 
quantitative evaluation proces.s may bo stated as follows: 

1. Identify optimal alternative LIXC systems U. e. , the systems 
tliat fall on the eurve AU ,ihown in Figure JI-1). 

2. Evaluate optimal i^yslcnis and choose a particular sy.^item 
design. 

The stu<Iy activilie:* required to meet those objectives are best 
presentee! as they affect the components of tlie evaluation model. These 
activities are illustrated in Figure This description of the evaluation 

process implies that the above objc;ctive*s v/ill be achieved by the careful 
updating and refining of the various inpuis to the model and :5ubscquent re- 
evaluations. 
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The following are the necessary implementation functions: 
L Evaluation of Inputs - Inventories of input parameters 
and variables will have to be maintained for the 
specification and subsequent evaluation of alternative 
LIXC systems. This would include the identification 
and evaluation of variables such as literature sources, 
literature items, services and products, system 
, components and the user community. Parameters 
associated with the variables would have to be identified 
and, making use of the best data available, their values 
estimated. Computer ;inalysis of the data in addition 
to a computer aided inventory system would greatly 
facilitate tbe evaluation process, 

2, Kvaluation of Cost-Kftccliveness Relationship,s - In order 
to comparo the variou^s alternative systems designs with 
the CAL Ii\FORMATlOX-SYSTKAa PROGRAM objectives, 
the cost-effectiveness relationships for various alternative 
designs would have to be estimated. It will be necessary 

to construct this modcL The model would be of ttie general 
form described in Section II-B, Evaluation A^odel, The 
development of this model would require a detailed review 
of program objectives to determine tho measures of value 
or effectiveness to be employed, 

3, Evaluation of Outputs - The cost-effectiveness relationships 
of alternative designs would have to be compared to the CAL 
program objectives as a measure of success of the program. 
This evaluation would al^o iaclude continuous evaluation and 
possible modification of program objectives. 
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4, Evaluation of Alternatives and Constraints - Alternative 
systems designs will have to be formxilaied or modified 
making* use of the best technical data available, the program 
objectives and knowledge of whatever constraints that exist. 
Included in the formulation process woulcl be the identification 
of the input variables and parameters which describe each 
alternative system design. 



D. Concludinrt' Hcmarka 

In tJiis section, the basic requirements for the quantitative evaluation of 
alternative LIXC systems are structured in order to set the content for 
discussion of reK-vant informaUon system parameters. Of particular importance 
to the study contuncd herein is the concept of two sets of input data which are 

1, the variables which define alternative systems and wiiich 
are subject to control by system designers, and 

2, the parameters (variable or constant) which afiect system 
effectiveness or value and costs but which are not subject 
to control by systems designers. 

The selection oi a particular set of variables identifies and defines a specific 
information system design and fixes, in the mathematical sense, the effective- 
ness or value and cost associated w'ith the design. 

The above two classes of data are input to a ''descriptive model*^ which 
characterizes the information system in terns of cause and effect relationsliips. 
The outputs of the above model are then employed to estimate the cost-effectivenes 
or value re?ationships for various alternative designs. 

Since the study addressed herein is primarily concerned with the iflontifi- 
cation of paran;etcrb which will be in^piit to the dCiiCripUvo n^odel, the .>^..owing 
section presents a brief discussion of its structure. 
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IIL DESCRIPTIVE MODEL STRUCTtll^E 



A, 



Introduction 



This section presents the structure of the descriptive model which 
characterizes .a generali^ied conceptual information system. The purpose 
of the presentation is to ideniify the eiasses of elements or components of 
the eoneepiual system which are explicitly accounted for by the descriptive 
model. 

From the point of view of the descriptive inodel^ the conceptual 
elements explicitly accounted for are defined in terms of two sets of input 
data (variables and parameters) as defined in the preceding section. This 
section also identifies the eiasses of variables which are employed to define 
alternative systoxns ami ihe associated parameters which are required as 
inputs to the descriptive model. 

B. Tiie Generalized Conceptual jVlodel 

Tlic clashes of elemenis or components of a generalized conceptual 
information arc illustrated in Figure Ill-h Tiic classes of elements 
explicitly accounted for by the descriptive model are 

1. the user community, 

2. the system output services, 

3. the inEormation system centers, including processes 
and communications links, and 

4. the information inputs. 

These elements are identified by solid lines in l^igure liI-1. Elements 



identified by dasiied lines are implicitly accounted lor by ihe descriptive model. 
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Figiii-c III-l. Conceptual Model of a Gcncrali'/ed Information System. 
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From the viewpoint of the descriptive inodel, tlte generalized 
conceptual information system may be described as follows: 

INFORMATION OUTPUTS - The information system eenteHs) 
must provide and distribute information cjerviees anci produets 
based upon the needs of the u5er eommunity. Two bi'oad 
classes of serviees and products are identified whieh are, 
"initiative serviees outputs" and "responsive serviees ou^puts'^ 
Initiative serviees are those services provided automatieally 
at equal intervals of time (i. e. onee a month, ete. ). Responsive 
serviees are those services provided upon request from ^ member 
of the \iser comm\inity. 

INFORMATION INI'-^UTS - In order to provide information serviee 
outputs, the information eenter(s) mu^t aequire information 
paekages occurring in the environment eorresponding to the two 
types of service outputs; . 

1NF0R:v1ATI0X CEXTKRS; processes - The system must extraet 
aild eommunieate from the information packages it aequires those 
elements of information it must proeess. It must also maintain 
a store of information elements and proeess the stored information 
to provide information outputs. 

Within the above eoneeptual strueture, a large number of alternative 
systems designs could be creetea and quantitatively studied. The ereetion 
of alternative systems designs is accomplished by providing sets of definitions 
and ehoiees of variables associated with each of the above elements 
explicitly aecounted for by the descriptive model. 

18 
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Characterization of AUoriiative Systems 



As indicated previously/ the alternative systems are characterized 



in terms of two sets of input data which we called variables and parameters. 



This characterisation is accomplished first by defining and choosing the 
variables which characterize the alternative systems and then estimating the 
values of parameters associated with the variables. 

The specification of variables requires the following: 

1. Definition and choice of elements of the user community" 
to be served. 

2. Definition and choice of initiative and responsive services 
to be provided. 

3. Definition and choice of information inputs. 

4. Definition and choice of processing operations. 

5. Definition and choice of network .structure, 
C. Definition and choice of communications 

carriers. : 

In order to quantitatively evaluate various alternative designs, 
the following parameters would have to be estimated making use of the 
best available data. 

1, User Community 

a. population 

b. bias of interest 

c. regional distribution 

2. Information Inputs/Outputs 

a. quantities 

b. flow rates 

c. materials costs 
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Processes 

a. maflhours required by process operation 

b. manhour wage rates 



4. Communications 

a. distances 

b. volumes 

c. costs 



Having defined the general properties of alternative information 
systems accounted for by the descriptive model, we now turn our attention 
to the detailed variable and parameter requirements. 
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IV. CHARACTERIZATION OF THE USER COMMUNITY 



The properties of the user community are basic to the design of the 
system since they directly or indirectly affect all other components of the 
system. This section presents the variables and parameters required to 
characterize the user community, 

'A^ User Community Variables; 

For the purposes of thisJ study, tl:e user community is defined as a set 
of individuals to be served by an information seivice center (or centers). 
These individuals are categorized according to 

1. a set of defined subject disciplines, 

2. a set of defined geographic regions, and 

3. a set of defined projects/missions. 

Two classes of information service centers be considered, which are 

1, the direct-service center, and 

2, the "clearing house** or pre-processing center. 

The above classification of individuals and service centers requires the 
determination of the variables which follow; 

N(C) = the number of subject disciplines. 

N(R) ^ the number of geographic regions. 

N(D) = the number of projects/missions, 

C ' the identification of the r-th discipline, r^l, 2, , . , , N(C). 
r 

' the identification of the s-th geographic region, S'l, 2, . . , , 

21 
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D, = the identification of the i-th project/mission, i^'l, 2, . . , , N{D). 

N(K) = number of direct service centers* 

K = the identification of the "clearing house'' center, 
o 

= the identification of the r-th direct service center, 

B, User Community Parameters 

After tlie determination of the variables associatt^cl witli the eibove 
classification" scheme, tue following parameters woti)d have to be estimated; 

X{C^ , D^) = estimated number of individuals associated with the i-th 
project/mission and the r-th subject discipliire, 

X{C , U ) = estimated number of individUdils associated with the r-th 
r s 

subject discipline and located in the s-th geographic region. 




estimated average number of individuals associated with 
the i-th project/mission tliat are interested in the m-th 
project/niiss:on. 



. (D , D.) = 1 for m ^ i and 

» m 1 



m 1 



0^P>^ {D^, D.)^l for m 1, 



estimated number of individuals associated with the r-th 



r 



subject discipline whore 



N(D) 
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estimated distanee from the clearing house center to 
the r-th direct service center. 



D{K , R ) = estimjxted distances from the direct service centers to 
r s 

centroid of the population in the s-th geographic region. 



In order to facilitate the estimation of parameter values and the analysis 
of variables and parameters, it is reconnmendcd that the sets of parameter 
values be recorded in the form of two-way tables as shown below: 




N{C) 



X(C , D.) 
r 1 



N(D) 
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X D. 








D \ 
m \ 


1 


2 . 


. . N{D) 


1 


1 






2 




1 


, D.) 
P m' I 


N(D) 


1-1 




1 



\ R 
r \ 


1 


2 , . 


N(R) 


1 








2 









D{K , R ) 
r' s 



N(K) 
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V. ClIARACTERIZATIOX OF INFOHMATION ELEMENTS 

The nature of the service outputs and information inputs is of importanee 
since it will determine to a large extent the kinds of system processes 
required. In tiiis section, the characterization of information elements from 
real-world inputs to service outputs is developed. 

A. Categories of Information Elements; System Processes 

The major eategories of information are developeu based upon three main 
group:i of processes uliieh the system must eoiitaih. These groups are: 
L Aeqmsition processing eonsirting of all those operations 

and activities necessary for acquiring real-world information 
input and converting it for further processing, 

2, Input processing by which the basic stores of information are 
created. 

3. Output processing through which the services and output services 
are generated from the system stores. 

By ordering these main groups of processes as shown in Figure V-1, 
we can now identify^fivc categories of information elements V/Mch are as 
follows : 



2, Input Information Klemcnts , ^I^j - Those elements of information 

obtained from the "information packages** entering the system processes. 
Examples of input information elements are individual journal articles, 
entire monograplis, single bibliographic citations, etc. 



L Real-World Inputs , yLj - Information packages entering the 

J 

system processes in the form of their occurrance in the system 
environment- Examples of real-world inputs are issues of 
journals, monographs, al^stract joux^nals, etc. 





25 



Real World 



Inputs 



to 



Input Information 
Klemcnts 



Acquisition 
Processing 



Stored Information 
Elements 



Initiative Service 



Outputs 



Input 
Processing 



o 


Output 
Processing 




1 

£ 







Hi 
{j3 



Rosponsivo_Service 
Outputs 



< 

ERIC 



Figure V-1, Categories of Information Elements 
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3. Stored Information Elements, - Those elements of information 

obtained from input information elements and placed in the system 
stores. For example, bibliographic descriptions, descriptive abstracts, 
etc, . 



5, Responsive Service Outputs, ^tJj - The types of services to be made 
available to tlie user community upon request. For example, directorial 
services, specific search and retrieval, etc. 
Having defined the categories of information to be considered, we now turn 
our attention to the sets of variables and parameters required to categorize 
them. 

B, Information Element Variables 

In order to characterize tlie information elements and their interrelationship 
in the system design, the following variables will require identification: 

N(n) = the number of categories of "real-world inputs". 

N(I) = the number of categories of *'input information elements", 

N(Z) - the number of categories of "stored information elements". 

N(S) ' the number of categories of "initiative service outputs", 

K(T) = the number of categories of "responsive service outputs". 



4, InitiaUvo Service Outputs, f^S^ - The types of services to be made 
available to the user community automatically at equal intervals of 
timc^ For example, announcement lists, catalog and index, research 
in progress, etc. 





J 



" the identification of the j-th type of real world input, H.= 1, 2, . . , , N(H 

J 
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= the identification of the r-th type of input information eleili^Sfp^^^ 
1^-1,2,..., mi). 

= the identification of the r-th type of stored information element, 
- 1,2, . . N{Z). 

= the identification of the r-th type of initiative service outputs, 
-1,2,._, N{S). 

= the identification of the r-th type of responsive service outputs, 
= 1,2, . , . , N{T). 

C. Relationships Between Variables 

The next step in the characterisation of the information clemaits is the 
identification of the rclationsliips among the information elements and between 
the information elements and the user community. This can best be presented 
in the form of two-way tablet; wliicb indicate whether or not a relationsliip 
between elements of information and/or the user community exists. An entry 
of "1" in the tables indicates; the existance of a relationsliip, an enti-y of "0" 
indicates a relationship does not exist. 

[D,, ir| ' binary relationship between the user community projects/ 

missions D. and the types of real world inputs H.. 

1 2 



ERIC 



\ H. 

\ ^ 
D. X 


1 2 . . , Ndl) 


1 




2 

t 


values of either "0" or "l" 


t 

N{D) 
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fH , 1 J = binary relationship between the real world inputs H. and the input 
J J 



information element 1 , 

r 



\ I 

\ r 
H \ 


1 


2 . . . Nd) 


1 






2 


values of cither "0" or "l" 


Ndi) 







[I > Z ] = binary rolationsliip botweon input information elements I and stored 
r r r 



information elements Z , 

r 




1 2 



N{Z) 



1 

2 



Nd) 



value of either "0" or "l" 
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[Z^» S^j =■ binary relalionsliip between stored information elements 
and initiative service outputs S . 



\ r 
^r \ 


1 2 . . . N{S) 


■1 




2 


values of either "0" or "1" 


N(Z) 





[S^, D^) = binary rclationsliip between initiative service outputs S^^ and 
user community projects/missions D.. 



N(D) 



r X 


1 2 . . . 


1 




2 

1 


values of either "0" < 


N{S) 
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[T^, D.] 



binary relationship between responsive service outputs 
an'^ user community projects /missions D,, 




1 2 



N{D) 



N(T) 



values of either "0** or *'l*' 



D, Information Element Parameters 

This section identifies and defines the flow rate parameters to be 
associated with the variables that describe the information elements. The 
estimated values of these parameters should be recorded in the tabular 
forms indicated after each definition. 

The parameters requiring estimation are defined as follows: 
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Y(D.» H.) = the estimated mean number of real world inputs of type H. 

generated by the project/mission of type D. per unit time 



(i. e. » 


per month). 




\ H. 

D X 
i ■ \ 


1 2 . . . 


R(H) 


1 






2 


Values of Y(D., 11.) 

^ 3 




N(D) 







the estimated mean number of units of input information elements 
of type I derived from a real world input of type H.. 




1 

2 



N(I) 



Values of a. 
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the estimated mean number of units of stored information 
elements of type Z^, derived from an input information element 
of type r. 



1 
2 



N(I) 



N(Z) 



values of b. 



2^ 



the estimated mean number of initiative service outputis of 
type S ^ derived from a stored information element of type Z.. 
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the estimated percentage of the population of project/mission 
type to receive service outputs of type S.. 



N(D) 




I 
2 



N(S) 



values of p 



the estimated number of requests for re.<3|)onsive outputs of 
type per member of the project/ mission per unit of time. 



t 



\ T 

\ r 
D.\ 
1 \ 


I 2 , , 


N(T) 


I 






2 


values of p. 
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VL CIIARACTEBIZATION OF PROCESSING FUNCTIO^jS 

A. Introduction 
In the preceding section, three main groups of processes were 

identified: 

1, Acquisition processing. 

2, Input processing. 

3, Output processing. 

For purposes of evaluation, the above categories of processes are 
assumed to be composed sets of operations which arc required to perform 
the transformations on the information, elements identified iu the preceding 
section. This section identifies and defines the variables and parameters 
required to characterise these operations wliieh, in turn, characterize the 
three groups of processes. 

B. Process Variables 

In order to characterise tlie three groups of processes, the following 
variables must be identified; 

the number of operations associated with the acquisition 
proees.sing function. 

the number of operations associated with the input processing 
function » 

the number of operations in the output processing function 
associated with initiative service outputs. 

the number of operations in the output processing function 
associated witli responsive service outputs. 
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the identification of the i-th operation associated with the 
acquisition processing function, g! = 1,2, , , N(gV 



G. = the identification of the i-th operation associated with the 

2 2 
input processing function, G, - 1, 2, , . N(G ), 

3 

G, = the identification of the i-lh operation of the output processing 



G. = tlie identification of the i-th operation of the output processing 



C. Relationship Botwoon Variables 

The next slop in the charactcri/^ation of the three groups of processes 
is to determine the rclationsMp between the operations and information 
elements. The relationships can be presented in the form of two-way tables 
as indicated in previous sections. 

(H , g!] = the binary relationship between the real world input elements 

. 1 
IL and the acquisition processing operation G.. 



function associated with initiative service outputs. 



function associated with the responsive service ontpuls. 




values of either '"0" or '"1" 
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the binary relationship between the information input 

2 

elements 1 and the input processing operation G. . 



N{G^) 



1 

2 



values of either "0" or "1" 



N(I) 



[z . g:] 

^ r 1 ' 



the binary relationship between the stored input elements 

3 

and the output processing operation G. . 
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the binary relationsliip between the responsive service outputs 

4 

EUld the output processing operation G^. 



N{G ) 



values of either "0" or "l" 



N(T) 

Process Parameters 



This section defines the manhour rates to be associated with the above 
parameters, llie c ts of parameters to be estimated are as follows: 



1 



the estimated moan number of inanhours associated with 
operation G. required to process a unit of information of iyTpe H.. 




N{G^) 



values of g 



1 

ij 



N(H) 
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values of g?. 











the estimated mean number of manhours associated with operation 
3 

G. required to process a unit of information of type Z 
J 1 
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12.,, 
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values of g^. 
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the estimated mean number of manhours associated Math 
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operation reqxiired to produce a unit of information of 
type T., 
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VU. C OST PAIUMETERS 

A, Introduction 
Preceding sections of the report have identified the sets of variables 

and their associated parameters required to quantitatively define the system. 
This section presents the cost parameters required to evaluate system 
operating costs. 

Systems operating cost parameters arc grouped in three categories: 

1. Cost parameters associated with information materials 
inputs/outputs. 

2. Cost parameters associated with i^ystem process functions. 

3. Cost parameters associated with communiealions . 

By utilizing the above cost parameters in conjunction witli system 
parameters, the total system operating cost can be determined. 

B. Materials Cost Parameters 

This section identifies and dcfiaes the cost parameters, or 
coefficients to be estimated. Tabular forms for recording the data are 
also indicated. 
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the estimated mean cost per unit of real world input of type 
H, associated with project/mission D,. 
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m,^ " estimated mean cost of material required in performing operation 
G^. to process a unit of information of type IL- 
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estimated mean cost of material required in performing operation 
3. 

to produce a unit of information of type Z. 
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C, Proeess Cost Parameters 



The proeess eost parameters to be estimated are as follows; 



13 



1 



estimated mean eost per manhour assoeiated with operation G 
to proeess a mit of information of type H. . 



H. 
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G. to process a unit of information of type Z,. 
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estimated mean cost per manhoui' associated with operation G. . 
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Communications Cost Parameters 



The communications cost parameters to be estimated are as follows; 



n.. = the communications cost per unit distance for tlie E. 
13 J 

. mode of communication associated with the i-th 
category of information elements. 
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VIII. SUMMARY OF SYMBOLS 

A. User Community 
1. Variables 

N(C) = the number of subject disciplines 

N(r) = the number of geographic regions 

N(D) ^ the number of projects/missions 



C = the identification of the C discipline, C =1,2,..,, N(C) 



R 



the identification of the R geographic region, 
= 1, 2 N(R) 



D. =f the identification of the D. project/mission, D. = 1, 2, . , . , N(E 



N(K) = the number of direct service centers 



' the identification of "clearing housef'center 



K = the identification of the K direct service center, 
r . r 

K ^1,2 N(K) 

r 



2. Parameters 



X(C ,D,) = estimated number of individuals associated with 
r 1 

the i-th project/mission and the r-th subject 
discipline 
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XiC ,R ) = estimated number of individuals associated 
r s 

with the r-Ui subject discipline anti located in the 
s-th geographic region 



\d , D J = estimated mean number of individuals associated 



m 1 



with the i-th project/ mission that are interested 
in llie m-th subject discipline 



X(C ) = estimated number of individuals associated with 

r 

the r-Ui subject discipline 



D(K ,K ) - estimated distance from the clearing house center 
or 

to the r-th service center 



D(K , U ) ' estimated distances from the direct service 
r s 

center to the centroid of the population of the 
s-th geographic region 



Information Elements 
L Variables 



K{H) " tlie number of categories of real world inputs 

= the number of categories of input information 
elements 

K(Z) = the number of categories of stored information 
elements 

N{T) ' the number of categories of responsive service 
outputs 
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Hj = the identification of the j-th type of real world input, 
H. ^ 1,2, . . mi) 



= the identification of the r-th type of input inCormation 



element, I - 1, 2, , . . , Kd) 
r 



" the iclcntificalion ol the r-tli type of initiative service 



output, = 1, 2, . . N{S) 



T - tlie identification of the r-th type of responsive service 
r 



output, =^ 1, 2, . , . , K{T) 



Parameters 



Y(D., II.) = the estimated mean number of real world inputs of 
type H. generated by project/ mission of type D, 
per unit of time 



a. = the estimated mean number of units of input information 

elements of type I^^ derived from ^ world input 

of type II, 
3 



b. = the estimated mean number of stored information 

3^ 

elements of type Z derived from an input information 

r 

element of typo I , 



e. = the estimated mean number of initiative service 

outputs of type S derived from ^ stored information 



element of type Z.. 
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= the estimated percentage of the population of project/ 
mission type D to receive s6rvice outputs of type S. 

- the estimated moan number of requests for responsive 
outputs of type per member of D, projeet/mission 
, per unit of time 



Processing Funetions 
L Variables 



N(G^) - the number of operations assoeiated with the aequisition 



processing function 



2 

N(G ) = the number of operations associated with the ini)ut 
processing funeticn 



3 

N(G ) = the number of oi)erations in the outi)ut processing funetion 
assoeiated with initiative service outputs 



4 

N(G ) " the number of operations in the output proeessing function 
assoeiated with responsive serviee outputs 



g] = the identification of the i-th operation assoeiated with 

the aequisition proeessing function, G. = 1,2 N(G ) 



1 



2 

G. - the identification of the i-th operation assoeiated with the 



1 



2 2 
input processing function, " 1,2, . . . , N(G ) 



3 

G. = the identification of the i-th operation of the output 



1 



processing function associated with initiative serviee outputs 
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- the identification of the i-th operation of the output 
processing function associated with the responsive 
service outputs 



□□□□□D 

SBBBSB 

□□□□on 
□□□□□□ 



Parameters 



ERIC 



g! «= the estimated mean number of manhours associated 

1 

operation G. required to process a unit of information 
J 

of type U. 



2 

g. . = the estimated mean number of manhours associated 
operation G required U> process a unit of information 
of type 1 

J 

3 

g.. - the estimated mean number of manhours associated 
with operation G^ i^equired to process a unit of 
infornialion of type 

4 

g, , = Uie estimated mean number of manhours associated with 

'J 4 

operation G^ required U> produce a unit of information 

of type T. 



Cost Parameters 

L Materials Cost Parameters 



r.. = the estimated mean cost per unit of real world 
'J 

input of type IL associated with project/ miss ion D, 

m!. - the estimated mean cost of material required in 

1 

performing operation G. to process a unit of information 
of type II. 
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□□□□□□ 
□□□ODD 
□□□□DO 

□□□□cn 

□□□□DD 

□□□tfis:s3 

2 ' ' □□□□uD 

m. . = the estimated mean eost of material required in 
ij 2 • 

performing operation G . to produce a unit of information 

J 

of type L 

3 

m,. = the estimated mean eost of material required in 



3 

performing operation G. to prodnee a unit of information 

J 

of type 2. 



4 

m_ = the estimated mean eost of material required in 



4 

performing operation G. to produce a unit of information 

J 



of type T. 
2, Proeess Co5;t Parameters 



h\- - the estimated mean eost per manhour associated with 
operation g\ to process a unit of information of type H, 



ij 



2 

b.^ - the estimated mean eost per maiihour associated witli 

2 

operation G. to process a unit of information of type I, 
J ^ 



3 

b. . = the estimated mean eost per manhour associated with 



3 

operation G. to proeess a unit of information of type Z. 
J 



4 - .... 

b. . = the estimated mean cost per manhour associated with 



4 

operation G.^ to produce a unit of information of type T. 
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3, Communicatiois Cost Parameters 



n.. - the communications cost per unit distance for the E. 
mode of communication associated ^vith the i-th 
category of information elements. 
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IX. CONCLUDING REMARI<:S AND RECOMMENDATIONS 

A. Concludinj:^ Remarks 

Tlie identification and definition of tlie generalized sets of variables 
and parameters presented herein represents the first step in the develop- 
ment of a detailed and tailored methodology for the quantitative evaluation 
of alternative LJNC systems. The methodology and subsequent mathematieal 
models will permit preeisjon evaluation of alternative LINC systems in 
terms of system eost and valire/ effectiveness. 

The quantitative evaluation process will require the use of two models 
which we have identified as the '^evaluation model'' and the "descriptive 
model**. The development of the evaluation model would be based upon the 

1. the detailed objeetives of the INFORMATION-SYSTEM 
PROGRAM FOR THE LANGUAGE SCIENCES and 

2. the outputs of the deseriptive modei. 

The deseriptive model would charaeterize the alternative LINC systems 
in terms of the speeifie operational processes that govern tlie cause and 
effeet relationshij^s as deseribed in the IDC report, "A Methodology for the 
Analysis of Information Systems". Tlie variables and parameters identified 
and defined Iierein are inputs to tlie deseriptive model. 

In deseriptive terms, the variables represent tliose elements of the 
system that are eontrolled by system desi{;jners and parameters represent 
those elements of the system whieh are not controlled by system designers. 
Alternative systems desijjns are ereeteci by choosing a particular subset 
of variables. The variables assoeiated with systems are deterministie 
in nature and parameters are probabilistie and, eonsequently, must be 
estimated making use of the best available data. 
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B. Recommctidatiotis 

As a result of this study, five (5) recommendations suggest themselves 
in the following order: 

1, Specificadon of System Variables 

Based upon the results of CAL's SURVEY-AND- ANALYSIS STAGE 
of the study program, listings of the variables defined in tliis report 
should be compiled. 

2, Design Data Forms 

Based upon the resulting lists of variables, data forms should 
be designed to facilitate the recording and estimation of parameter 
values, 

3, i^ata Koduction 

Procedures should be developed to estimate the parameter 
values identified in this report making use of best available data, 

4, iJevelop lOvaluation Model 

Based upon objectives to be developed by CAL, a detailed 
evaluation model should be developed to aid in the evaluation of 
alternative systems- 

5, Tailor IDC Descriptive Model 

The IDC model should be tailored to meet CAL's 
specific evaluation requirements and time schedule. 
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